Searching PAJ 



dEST AVAILABLE COPY 
PATENT ABSTRACTS OF JAPAN 



1/1 



(1 1 )Pubiication number : 2004-01 4943 

(43)Date of publication of application : 15.01.2004 







HOIS 5/042 
HOIS 5/22 
HOIS 5/323 




(21 )Application number 


_ 

. 2002-168945 


(7 1 )ADDlicant 


• SONY CORP 


(22)Date of filing : 


10.06.2002 


(72)Inventor : 


TOJO TAKESHI 








YABUKI YOSHIBUMI 








ANZAI SHINICHI 








HINO TOMOKIMI 








GOTO OSAMU 








FUJIMOTO TSUTOMU 








MATSUMOTO OSAMU 








TAKEYA MOTONOBU 








OFUJI YOSHIO 



I: 
11 



ml 



ii 



(54) MULTIBEAM SEMICONDUCTOR LASER. SEMICONDUCTOR UGHT EMITTING DEVICE. AND 
SEMICONDUCTOR DEVICE 

(57)Abstract: j^^r 
PROBLEM TO BE SOLVED: To provide a multibeam 

semiconductor laser employing a nitride III-V group .|: ill | ! ' ! 

compound semiconductor, which is driven independently and 
whose operation before mounting is readily confirmed. 
SOLUTION: In the multibeam semiconductor laser, having a 

nitride III-V group compound semiconductor layer, forming a ^|| fir Ii i i | jj 

laser structure on one main surface of a substrate 1 , and 
anode electrodes 23, 24 as well as cathode electrodes 20, 21 ? f 
formed on the same layer, the anode electrode 23 is formed 
so as to be laid across the cathode electrode 20 through an 
insulation film 22 while the anode electrode 24 is formed so 
as to be laid across the cathode electrode 21 through the 
insulation film 22. 
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A I G a I nN'5rir<75mtJ^ I I I - V2^'fk'^tl^^#*fflv^fc^^#l---'f ^ LTfi 
[ 0 0 0 3 ] 

>i^<7>7fe?fJ^lSffl-r^7t46lC{J. 2 If- A i{) L< (±4 e- A<7)^5r|Eij:*sprt^'5:-7;l/^t' 
[0 0 0 4] 

^^^t^iiis^pi?s^^*^ i4p-N-9. 2 0 0 1#9 ^) o ins ti^-Tct 9 t-. 

#1' J: ^} nSG aN^ 1 0 25&^g£S?ti-. 'e<7)±fi. V-^fltii^ffMI-^ G a N.^*^ 
#® . 1-'^^*>n^AlGaNi^7-7K^103. nMGa N3t:^M 10 4. ^SrM 1 
05. pSGa I nN4'Mei 0 6. p M A 1 G a ^ -y 1 0 7 > pMGaNpfc^ 
108. pMAlGaN^^.yFei09*5j:Z/pMGaN3>5'^hgl 10>{)^ 

G a Nm¥^#^<7):R±gB> fS^^^^jpSA 1 G a N ^ > 1 0 9 <7)±^i3 J: J>^p M 
G a N:i>^' ^ 1 1 0 tc, -ocoU 7 v 1 1 K 112 (c^ff l^S^fiK:? *IT v> 

;i>o y ^ffK^a^ J: 0 \,^mmm. i 1 3 /?)^'B^?tLT>/^i,o ^oig^tm 1 1 3 coo 

cT^V^vlll. 1 1 2 OicT^^IS^S-l-PiD 1 1 3 a > 1 1 3 b:6^'-BfiS:$nTV>^o ^LT 
, ^tLt(75liP 113a. 113b *iaCT y V 1 1 1 . 1 1 2 cOpMC a >^ ^ 

vmi I Q tmf^-t^xo^^punM: y ~ Y"MM) 114. 1 1 B^Ee^ttTv-^jg, 
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[0 0 0 71 

[0 0 0 8 ] 

ffl -7 - A M 1^ - ^^tt-f 2. i 1 1:: ^ o 
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In. As„ Ni-„-. (/>:fiL^ O^x^l. O^y^l. O^z 

^I. O^u^l. 0<v^l. 0^x+y + z<l. 0^u + v<l)>6^<b'i'9^ «t>9 
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■Mn^^W}J^h^>iy':^^^j:t'<Dmmi}^h^yiy'7.^ (FET) ^^-ri^m^^^-^ 'i^- 
^Y^y^JT.^ (HBT) <7>J: 9 'Srm^^^f^-?)6^''^i*L^o 
[0 0 2 0] 

Z r B 2 S i C S i G a A s G a P I n P t° 

m'fbv n Z n 0*«'i t'X-$)^o 

[0 0 2 1 ] 

> ^m^E^k^^fflfiicS (MOCVD) . ^^-r K^ffiJ^k•^^v^;^^:Si/c^i/^ 
K^ffiJ^li ^ + v^-'V^g (HVPE) ^j:t'<Dli7!)\ ^ ^ v - (MBE) 

=^ ffl -5, d i: ^ o 
[0 0 2 2] 

mm&m. ± * y ; iS' J:: B SS: ? -7 ;b f - e - a M 1/ - -If i:: is "C . 

[0 0 2 3] 
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o ^7t. C:tL^(7)Ty- FmMi3 ctO^ 55; y- Km®* -5. v^fi^lcom^^J: ?>*l^ 2 

[0 0 2 4 ] 

HI 1 \t:i<D^m<^m 1 <^*Will^<t ^ 2 e-A^G a N^^^#l^--9-' (-f-y7*4^i^) 
^^i-o CiT% H 1 Ati^SHs H 1 BtiEll A<7)B-B^li?&oT<7)Bf®ll-ei)So 
i(0 2 tr-AMG a N^^S^V-— {i^ 'J y v^it*3j:i/SCH (Separate 
Confinement Heterostructure) fltatSr^-f ^ *iB*f^^?& 

m^^m^v~^x^i>o 

[ 0 0 2 5 ] 

H 1 tc^-r J: ^ l^. c:(7?2 e-AMG aN^^##l'-^n::.fe(/^Tfi. cM-^t^r^TT^ 
±.r^. \k^^-^KX:^ry di'i^^^y y rm m^^-f) ^^LT. ELO ( 

Epitaxial Lateral Overgrowth) '5: i:' 0^:^16] ^H^figg 
M^^ffl^^TfiJtfi^^LTt nMG a 2>6^a^?tiTv>;|,o ^LT. i<^nMGaN®2 

ii^M-r^G a N.^^^#® t LT, ni^A 1 G a NiJ' 7 7 Kg 3 > ni^GaN-Ja^-^ 
S4. T > K- I n, Ga, _ . N/ I n, Ga, _ , N^Mffl^-JI- 

P^7t<75fS-'r4® 5 > pi3G a I n NifW® 6 ^ p H A 1 G a ^ >y T'^ 7 . p^GaN 
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m^^m^^m? ^m-r^^i>^. na^M^^t L-C^Jxffv'; n> (S \ ) i}^V~y^fiX 
V/^&o nMA 1 G a N:J^ 7 Kg 3 {i)??:6^'B^J^tf 1 . 0//m-e$)>)> nS^MtltLT 
^Jx.tfS i ;65K-7*?ti, A l|aB£f±«?!lx.f±'0. Oy^^^o n M G a Npfc^-JS^ 4 fiJ¥ 
?:6^'6T);t{f 0 . l//m-e*i9> n S^^tl i: LT^Jx.JfS i K- tLTv^;5>o f;^:. 
T > K- y I n , G a , - . N/ I n , G a i _ , N^fil:^#:p«]it(7)fSttg 
5 l±. ItMSt LTcT) I n. Ga,-, N» i: i: LTc7> I n , Ga^-, 

N^i:*»'X2tcfIg?ti.^c't(7)-e. mx.H. mMmtLX<Dl n. Ga, _ , NigO 
;??:6«7 nmT-x = 0 . 0 2 . #pg LTO I n , Ga,-, N®(7))?$;&i 3 . 5 
nm-ey = 0. 1 4 . ^P^i}^ 3 X^^o 
[0 0 2 7] 

pMG a I nN4=K® 6 \tm^i}mK.i£2 0 nrnT-^"}. pM^Mt LXmx.i£Mgi)^ 
K-y;?tL. I n?ia^{d:faJx.Jf 0 . 0 2 "C^ -So t t^:. p S A 1 G a ^ 7 T"® 7 (4)¥ 

$7!)^««Jx.(f 2 0 nm-e$)"9. p M^Mtl t LT^Jx.ifM g;6^' F- ^^tL. A liafifefi^njx. 

(fO. 1 8-C*&o Cl<7>pS!A 1 G a N^^ -yT'g? H^ p M G a N3fe^?£Jl 8 ^ pMA 
1 G a N^:^ 9 -7 Kg 9 j3 JrO'pSG a N=ty 1 0 (Ol^^mKm^m^-^h I n/i>^M 

[0 0 2 8 ] 

pMG a N5fc^i^g 8 (i)¥?:«-'$^Ji.{f 0. l//m-e*t9. p S^Mtii: LT«nJx.f?M g^&s 
K-y?tL-C(/^^)o pMA 1 G aNi^^-7 KS9f±)¥?y6^'^Jx.Jf 0. 5;/mT**»5. pS 
LT«Hlx.JfMg7{)^'K-7';?tLs A 1 m{ifnix.tf 0 . 18T?^)So pSG 
aN=r>^i^ hgl 0 {i)¥?7{)S^nJx*f 0. l/zmXi)^. p S^M*^ t t"t:0!lx.ff M g;6s 
K--7'5ittT>/^;g)o ■ 
[0 0 2 9 ] 

n M G a NS 2 <7)±S^. nMAlGaN^y-7KS3s nSGa NTfc^^g^g 4 . M'ftg 
5. pMG a I nN4'Mg6> p M A 1 G a ^ 7 . p ^ G a N^^^SS 8 ^3 J: 
ZfpMA 1 G a NiJ' 7 Kg9 ^i^ S.\^^^m^-r ^r.-o<D ;^ "tr^^^^iT ^ 0 l^fl^fife^tL 
Ti3i9. Z.fih<D;^-^minmG a Ng 2 {Cjtl-^rt 1 1 J: <9 Blv^ic^g-^^ tiT v»;5,o 
LT. CitL^5 0^-i?-*BHi3»tS pMAlGaN^7'7 K«9<7)±S^i3j:o=psyG aN 
1 0 11. ntii <1 - 1 0 0> :^|6]{C]^ft-r^ V 12, 1 3:b^^fl^'fl 
?^^?tiTv^;2,o >ltLf)<7)i; V 1 2 . 1 3 (T^ipKi^Jx-tf 1 . 7;imT^^-i>o >1C:-C\ i 
^h(n')y^J\ 2. 1 3> •r'5:*?*,l/-^'>^ h iSjfieS^J^ffl v^/vrttig^H 

75^^±gl-f5}SL;t:.^|£l 4(7:)PflcOj£XPfllll^til£mLTv^;|,o 9 -7 v 1 2 . 13<^WPg 

[ 0 0 3 0 ] 

Mti. ±ia(7)#p{+|-^fiO±lc, fnix-tilF^^TiiM 0 nm<7)S i 0^ J:^ 0 ^M^mt^ 

<J^±<7>m^im$T!}U 5 nmc7)S i M t ^ ^Sr li-^!^ 1 5 >{>^BS:»t f^tLTv^;|,o ^iT-, 

mmmim^mimi3X-c/^^^m<^^ztb(Di><Dx$>^o t/z. s iiif±. -jy^i 2. 1 

im±-t^tzl!^(Dii(DXi>ho ^com^^B^i 5 <7)9 -7 V 1 2 . 1 3<0±c75^^tC{i 

-en^tLi^P^^Igltt^jtLTiSlQ, ^(7)ggp^iiCT^;^-9-g|^<7)pS!!G a N::r>^^ 1 

o^l^*L-p^^p^fflm® 1 6. 1 7 >?)^'^fel!LTy/^2,o c:tL^><7)pfiijmiii 6> i 7{i> eaj^ 
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m^iiT i p t j^isio^N i m^m^^mmLfzm^^m-t^o 

[0 0 3 1 ] 

^g4tTv>-2>o ^n<b<7)nllimM2 0. 2 1 f±. enJx.f;fT i m. P t Mi5 i O^A u fll^M 
:?fcfi^L;tfllat'^^1-^o ^?F-^2 2 tiBnix-tfS i 0^ m<7) J: ^ '^^fe^M^^-To ^<?)*e 
ii#li2 2{±. #^^f$|5<7)-(i#i3 J: D'-niiim® 2 0. 2 1<7)-^^M9 i ^ t^f^fiK ? ttTi/^ 

MJ^, ^tL-etLpiijm^l 8 , 1 9 t:Hg^LTpli)/N°-;/ Fm@2 3 . 2 4 ^-'f^Bfe ? 
TV^;5>„ ^tHc><7)pfi!)^^°7 Km® 2 3 > 2 4fiV-yvl2. 1 3 li^SoTj^^-r-SfP^t 
^tLl::K3ci--5>^^a:55-^'^>), m^O^^ti^fiiftll 2 2 ^^LT^tL-^'tL n1imil2 0 
. 2 1 <7)-^g|5c7)±i;^;6^oTV^;g,o 
10 0 3 2 ] 

c:<7)G a N.^^^^l'^-ri^Jsv^Tli. L fi^nix.»f 6 0 0 m^MJ^-C*> "9 . ^tt 

lCi£^-rs:)J|6]<?)^-y y(ii{i«HJx.lf4 0 0 //mfSJfe*):2>o 
[ 0 0 3 3 ] 

1±ICM0 C VDfti^ J: ^m^iiS 0 0 t:fI^<??fiJ^-eT > F-:/G a N^>*-7 7 rg^rfiK 
S^-fr^c^^. •^Jx.ff E L0^i:-<7);^:&fB]^B^Bfij(:gM^fflV^T^Jx.»f 1 0 0 0 'C<7)fifcSia 
J^-CnSG a Ng2 ^l'^:g^-*So 
[0 0 3 4 ] 

?l§^^v>T, nMGaN^2±HMOCVDffiliJ:i9. l/-^f«it^51^^-r'& G a 

^#6<jH(i, nMA 1 G aNr^7'y K^3> nMGaN3fe^^^4. T^K^T' 
<^Gai-. In. N/Gai-, In, N#M»^#F«^(7)tSt4« 5 . p M 
GalnN + Wee. pMAlGaN^^-yy©7, p S G a N^fc^MS 8 > p M A 1 G 
.aN^9.y KS9i5j:0=~piyGaN=J>i5'i^ hSlO ^Hi-^Efefi ^^^o i vl T% Ci ti ^ 
<^)^<^^:gSJ^{is 'e^Jx.ff> nMA 1 G SiNi^yy K» 3 is J: n M G aN7fe^^S^4 it 
1 0 0 Ot:. ^SrM 5 /5^<^ pMG a Npfc^^SSS ix-li7 8 or. pMA 1 G diN^y y 

9 i3 i t>^p MG a N 3 >' ^ 1 0 Ji 1 0 0 0 "C 2: -r-l>o 

[0 0 3 5] 

A((CH3 )3 GaxTMG).Al (D^Mt LTii h V ^ f'-'VT-'V ? A ( ( 
CH3 )3 A 1 > TMA) , I n<7)JEI4-^ LTIi h ^ ■f-;i'-f ^v-'-^A ( (C H, 
) 3 In> TMI) N<7)J^^t LTtiNHs ^fflv^^o F-/n'^ h i^ov^Tfi. 
nM F-zN-V h t LT{i^Jx.lf->9 > (SiH4 ) ^> p M F-z^°>' h t LT{i^Jx.tf 
ex = ^f-;w>'i^n^>'^ va^^;i'-7^^^v'>A ((CH3 Ce H* ) 2 Mg) 
*&V^(ie>?. = ->^ n^:/i5^ va.:r.;v-7^^^v>t7 A ( (C5 Hg ) 2 Mg) ^fflV> 

^ o 

[0 0 3 6] 

^iih<DG 2ili^^mi^m<^^M^<D^^ ')T:^'7.W-m^t LXU. nMGaNS 
nMG a l^^m^m 4 t-^itU, tU^ t (T^ig-^i^f , 5 p M A 1 

G a N^^ -^yg? f T-{4N2 :^r7«#ffl^. p MG a N^^'iS® 8 ^^^Jb p M G a N =r > 
^ 1 0 t-eiiN2 <tH2 t<r)Wt^:^'^^m\^^^o ^<^^^> i^'i^mS'kmM^ 
■^fz^k. pMA 1 G a N^^ 7<7)Bfi;ftf -e{i^^ VT:**7.#H^^N2 #ffl^i: 
tT^3^). ^ ^ V T^'T.Wm^i^'iiz -Z)^^ t ^^J:^^<DX- . ?S'tt^555^^I n^^^IJ^Jt-T^ 

c7>^i£g^;i>it7!)--n;, fS'M5co^fe^b^P:^.ihl-;i>i t^^^'-e^^o tfz. pMGaNpfc^ 
iK® 8 36^<b pSGaN3>^':J' hSl oS -C<?5JS;ftB#tc{i-Y- 'J T :^"";7.#H^^ N 2 t 
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10 0 3 7 1 

jiifptm^km^Af^^Ltz^ik. s\o^ m^^<o±Kfi.^^iLfzP dm^^^'p tmt 

ti>K^) y h:iry 6. 1 7i:mi^t^o ^^K. i n ^<7) p HimM 1 6. 1 

7 ^-77.^ t LTpMA 1 G a Ni^ 9 ^7 Vm 9 ^)¥? :^|B]co0Tfe(O?^$ tX-Rm±-^ 

j^vi-y-y (R I E) m^z^^m.^mz^'j^yv\^x')yv\2. is^M-r&o 

[0 0 3 8 1 

?f^^-r^o 'J -7-71 2. 1 3c7)±<7)§lS^c7?:^'^)Sl 5 =^J^-7^y ^'-^^LTIIP^ 

m-r-5>o ^i^. E«^ffit:i^j;t(fT i HI, p tiji*3j:a=~N i m^^m:^r^m.\^tz'ik. ^<r> 

'7f->^'*-r-^i '9 piiim® 1 8 > 1 9 ^T^^-T^o C tLf,co pUm® 1 8 ^_ 

1 9 ^-77. b LXm^i£R I E &lwi , nMG a NS 2 KM-T =^ tX J^ y ^y ^^^7 
^(DJ^yi-yVKX^) . nMG a 2<^±aHB> nS A 1 G a NiJ' 7 y 3 . n 
MG 2ili^m^m4 . m±m5 . pMG a I nN4^H^6. pMA 1 G a N^^ '7 T'g 7 
, pMG a Npfc^iS^ 8 . pMA \ G a'tl^ y y h^m 9 idXZ/pMG 2ili::iy ^ ^ hm 1 

gl1-:2>?||l lib^^^^K^o 
[0 0 3 9] 

^mumKW ^y y ^ ^m&^^<DUiy'7. h ^-^^ ~ y^fmLfzik. ^'K 

<7>±I^BSS;^ tLTtT i ii. P t lii5j:a=~A uBit t -7 L. nfflm^M2 0. 2 

i^w^^-ri>o ^^iz. ^^±^Ks i 0^ m<7) i 9 '^^iiifeM 2 2^?i^figL7tm, 'e<?)± 

i: LTi<7)*feiiS^M2 2 $r^Jx.{f R I Efet:: J: I9 ^fe?i^^tw/N-3'-->' i^i-&o 
[0 0 4 0] 

^ ^^gffl 11 U V 9 7 ^ - 11 J; 19 0T^f^t^<^) ^ V h /N- ^ - > L tz^^. 

(^±HBfiE?*i;tT i P t l^isJr O^^A umt t 'ijlw'; ■7>:f7 L. p1iI/N*-7 KM® 2 
3.2 4 §rBfi£-rSo 
[0 0 4 1 1 

f?iJx.Jf2 0%. Tlll<7)*^||3SBc7)SI*^»±«^Jx.Jf7 0%ti-2>o 
Jii±HJ: ^) s i65i:i-S 2 e- AS G a Nm*##l-'~-rj?)«i&ii? tL^o 
[0 0 4 2 ] 

^(75 2 If- AMG a N^^^'ftl-'-^f *MWHf±. t?I#^<7)m^'r4<7)|p]±^lll'l>;t:*!) 
^N^vym^i: 2 tf-AMG a N*^^#:V-^f plHlJ^^' 7 Km@2 3> 2 4 i3ct?/nlim 

;®2 0. 2 1 t7i>^ 'PUx.tf^^.x (s n) >5> f> ^ 15 ^ /i (Hi^-i^-r) -egfe^^tlSo 

[0 0 4 3 ] 

AMG a N.^#ig#l/-+f lii3>.^-CI±. pfii]^N'-7 KmH2 3 t n1lijm-1S2 0 tOMUmffi 
=^ep*nbTiimi-Sii:m: «9. HI 1 4^:feffi!l<7)^ -^j- §15 c7>W-^f Alitor lgi!j-rs^i:>i>^-e|; 
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[ 0 0 4 4 ] 

pillJ/N°-7 KM® 2 4 t nilljm^l2 1 tK^n^^'^yu-yp , . ^itTT. -^tl- 

mr^mm^ ^ *i# 'r^iFffi ^^f d ^ t >^^'x- § ^ o c ;t 46 . '^^-r^cD 2 if - a m g a 

[ 0 0 4 51 

^Tt^ p^i^^°■7 KmM2 3 ^ 2 4 isXZf nmU^2 0 . 2 1 ii> y-f -Y-^^-r-f ^i^'^N* 
•7 Kfc LT^jfflv^S i i:>6s-e^Sfc«6s J^^^^^T^ h'^^^. jik°-9--r KT >y7"<7)v>-f tLl:i 

[ 0 0 4 6 ] 

tfz. i(7) 2 tf-AMG a NI^*S#l/-^t^*3V^T{i. t&i'^^ic|g|8tjl t '^S P--^f 
h 7^ 7'±5()-'2BgB||1titt '^oTv^'^v^^ti^, #j^'r4^fftT?^aci < , 2tr-A 

V-yvl 2. 1 3<7)MHi. f '^^^"^ if- A WPll^'^lrt-^*?)^ ^ 1 5i>^'-ei So 
[0 0 4 7 ] 

2 if-AMG a N^#^#V-^'t^i3V^T(±, ^ l^-^fmit «r:53'aii-S?# 1 1 
limmi^2 2KX ^)M'btt■Cvv;^,^ci6. ^<7)2 e-AMG a N^¥^# ^--^f'^ t - h v 
>^ JitC S n{±^/i (Hl^-^-f) XWim-t^mz.^<DS n\iA.izi}^:<^3<omM^m.\^^ 

[0 0 4 8] 

^ o 

I112ti. c:(^2 if-AMG a N^#«#l/-^fO, HI 1 B i: l^tt'iKfBlll^^-ro C:<D2 

e-AMG aNm^##^— r<?)¥ffiiafiia 1 Atmux^^o 

[0 0 4 9 ] 

1112 (i^-r<t 9 i<7)2 e-Ai^G aN^^##V-^l^fev^Tfi. -OCT) V--if#ii 

m2 2i)^m^^fix\^^^o 

^<Dm<^:intmi<7)^MMWjz^^ 2 if-AMG a n^mmi^u-^ tmmx$)^<Dx 

[0 0 5 0] 

(?yu-^'m^mitn^&3iz^-^iz^m.^iix\^^^o ^(Dtz^b. pm^-<y vn^2 3 1 nm 

•y Kmft 2 4 n tOmS 2 1 t (75 tcm£E ^ ePilp-T S i i: i "9 2 't'trftlj cT) I- - +f tS 
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[0 0 5 1 ] 

tfz. pHI/N-^' Km^2 3 s 2 4 {i5:v^lc^^lc?43AHIS:ft fb^t. n^il®^2 0s 2 1^ 

mmu^^ti,:. m^m^ ^^^^ '}i^mi3^^£ o 

[0 0 5 2 ] 

HIS li;:<7)4 e-AMG a N.^#S^*:V-^f ^^^B) ^^"To i^-e. lll3AJi¥ 
[0 0 5 3 ] 

113 t::^i-<J: 9 4 tf- i=>l! G a Nm¥^#V--9-'i::i5</^Tfi. 4 e-AM-C^S 

^2 5 - 2 8 it^ilh<om^<Dl-~'ifmik(0') y v^^^-To iti^coU 2 5 ~ 2 8 O 
[0 0 5 4] 

^isT im. p tiiis ii/A uM^M^^me t;^cmii(7)/N°-7 FmMffl p ISO m® 3 o>{i^ 

^^^tii^h^£^. 1k^<D^^limmm2 2^^L-CnfflymM2 0<D-1^U(D±Km^^ 
[0 0 5 5 ] 

2#g<7> V-+Pmitl^i5V^T{±. >7 v 2 6<7)p§aG aNn>^i^ hS 1 o tmMhX. 

xf^T i 1^. p tmi^^ifA um^m:^mmLfzm^<npm^^'y vmm3 2mm^fix 
\^^^o i<7) pii/N-'7 KmS3 2 2 eKra-oxm^-r^^^tz.fuzM.^-r^^ 

^ti(f^ht£^ .^ik^<D^5^immmi2 2 ^^t-cn 111^^2 o<Dmmu<o±i^m^^'^x\^^ 

^<Op ffij/N* .7 KmM3 2<7y^ %<D') y =y 2 6 l^ifi^-T 1 # i <^ l^-^fflljt^ 
^^0^f|S^lc^3i/>T{±. Wx-t^S i O2 ^<r>^ d^^feilStlliS 3 icj: piim^3 0 h 

[0 0 5 6 ] 

3#ii5 J:aM#i<o V— r«3t{i. l#g^J:y''2#§(7)^-Hf«5^tMI5^'3r1tai^W 
-r:|>o •r^4^*>^ 3#@(7?l----¥Sitt;*3V>T(i. 'J '7 v2 7^pMG aNn^^i^ 
1 Otg^LT, P dMi3j:0^-p tM^M^I*^t/c«itc7)ptjmffi3 4;6>'ffM? 

tlTV^So tTt. 4#@(7)V--ifmitJ^*5V>Tfi. »; y V 2 8<^pSG aN3>^i^ 

1 0 tg^LT. ^Jx.ffp dMis J:t>'p \.w.^myf<Mm\^fzm'^<Dvmw^3 S/^j^m? 

<7)piiim®3 6>{)^'^^?itrv^;S>o i<?5pffi!im@3 6 {±> .y ^ 2 8i^V&oT5£^-r2>§P 
^tLHii?5c-r&§B^t55^fb'£ 19^ ^^^(7)§|5^9-fi^ii&lil2 2 =^:^LT nfflmM2 \ <n>- 
^tl5(7)±lci^;6^'oTv^^o -etT. 3#i<^l/--9-'1f itt^*3V^T{i. p«m@34±{cM 

x-ffTiin. p \.m^^vh\xm.^m^mm\.tzm'^<opm^^y Km® 3 7 5&^?i^^?tL-c 

%hi}~^hti:'0 . 'i^'^<J^W7f\tmM.m2 2^^LTnfl]mte2 1 c7)MgP<7)±H 1^:6^0 TV^ 
piil^N'y KmiM3 7c7)d -7 V 2 7 liiI^T^§|5^;^M#g<7) l^-+F^it^ 

«^a^$IS5>t^i3V>T{is ^Jx.l±'S i O2 m<7)ct ^ 4iei#tM3 3 (-i "9 . pia!im&36t 
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[0 0 5 7 1 

v^^^ 'j KmS3 2 1 nmnM2 0 1 ^Mi::mj±=^eni)nLTiim-r^i t »9 2# 

^ o 

10 0 5 8] 

^7t. W-^Vs--tcijDX? tLTttfeilliioV^T. pil!imS3 0 p i!|yN- >7 Km@ 3 2 

<?)^^. p lil^N" '7 Km® 3 7 c?)^f|S, p1fflmS3 6<7)-g|5. n lim® 2 0 <0-f|Si3 i iy=~ n 

[0 0 5 91 

tfz. plumbs 0> 3 6^ plai^^°-7 Km®3 2 , 3 ? i3XZfnmMM2 O . 2 Hi. 7 
[0 0 6 0] 

^fc, ico 4 tf- AS G a N^^^#V--9-'t'i3V^T{±. ffj-f^Bfir^^jli: 'Sr ;?> ^---^f ;^ 
S! G a N m V - -9-' ^ ^ ^ .t Ti^'T- § o 

^T^c. :i<0 4\f-2^mG al^^^mi^]y-^'i^i5\^>Xli. ^m^iUmikt LX\^^i>fz)sb. 

V '7i^ 2 5 - 2 8<^MiiB. ■rtii:>-i^>^~-i^mm'tUMiKm.i^^^t^^x^^o 

[0 0 6 1 ] 

f±^iii^ll2 2 i M=bti,Tv> ^(0 2 tf-AMG a N^4^^fr l/-^^^ - h v 
[0 0 6 21 

^ o 

1114 fii(r) 4 tf- AMG a N^*S#^--9-' (f- 7°t^B) ^^To ^>r-e. 114 Af±^ 
ffiHI. 114 Biim4 A(DB-Bm^'B'::>X<DMmmX^^o 
[0 0 6 31 

1114 ic:^-r J: ^ :i<7>4 tf- AMG aN^4^^^#l----rj:i^v^-Cfi. l#i^^Jb4#g 

^^P^OnSG aN^2 a: 2 # i l/-^'#lit<^ nfflU® 3 9 <7>5^iSB^;65^AS-r^^^<?) 

nMG a 2 ^ ^^^L. 3 1= i <0 ^f«^i<7) n ilOmffi 4 0 (7)*S^>6^-i£g-t 

^3'^<^nmG a 2 <h 4 # i O -^f 1tii<7) ntijm®4 1 co^i^^i}^^W-r :^^^<D 

nMG a Ne2 ^^»ft-r'5>cl: 9 (c, nMG aN® 2 ^:Rii LTIgit ^>*i-Cv»;i>o 
^o^<7)i t»i^3<7>*ifiBi-Ji<i:^ 4 tf-ASG a Nm#^#^--f t |sl#-e*,;i>(7?T- 
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[0 0 6 4 ] 

Km®3 2 i ntijmss 9 tcDwmiff'^enM-r^'-ti^J: ^ 2i=g 

tKii^ ^^^(DV-^mik'km^^'^. piUmMS 5 t nfflimS4 1 i:OMt^fiBE^en 
[ 0 0 6 5 ] 

plim^SO. 3 6 is J: (y^"p^i|/^'';' Km® 3 2 . 3 7 \t:S.\^^K'^'^Km.tLKWtnh 

it. n'liiiM3 8~-4 1 <>svMi^^t^^43Ai;ls:tt'^tLTv^;2,o-e. ry-K. *v-K 

[ 0 0 6 6 ] 

ioisiig<7)^5<7)^ifeBBi^<j;i. 2 If- AM G siii?h^mii^u--^K^\.^xnm-t 

(7)^?. WV^i^^-5> <t 1 co^ig-ic^^^tL^c nMG a NS 2(^)¥$ mtl?) i: 

'-^'m7tm(D^\J7.h-irS^i^t<DmmK^\y^xmm-ri>o tzflL. nMGaNg2 0Bfe 

[ 0 0 6 7 ] 

m5\t. mi i<D^^<DnmG ai^m 2(DmLm^^^x^ a^. ^mi^Lfz^w^^ 
mmi"^^-^. ^'^)\^^mmm'i&mi ^^it^'^^^tizx^^T-ofzo ttz. men. i<^iBij 

mi I <0^»<D nMG aHm 2<Dm.Lm^mm^^'oXUl'^-^'i><^-^^^^o 
[0 0 6 8] 

mS^XV^meTi^h^:^^^ i^. mi 1 <D36^(DnmG a NJ12<7)at)?7?>Vh^ < '^^ 
l^i^'nMG a 2 ^Siil-i) tm^fii):?' h - {i 0 t i co^ LJ??^^' 3 m 

[ 0 0 6 9 ] 

\>X±<D^^ii^. y-'^m^<r>\P\±^m^m^.i}-'h\t. mi l finSG aN^2 =gr 

MMI-S J: ^ Km'^^(Oii^Wi,t^t Lv^o Il2<?)*ife?^igl3j:;2, 2 e-2^MG a N^^^ 

# V - -If (i ^ <7)^niT-^ ;i> o 

:i<?5ll5 c7)^JfiJl^SHri3\/^-Cfi. mi 1 ^ nMG a Ng 2 ^M-r-i) J: 9 i^^tt^ it 11 
[0 0 7 0] 

HI? l'i<75^5<^|IJfeBBti J:l> 2 e-AM G a N.^*## l^-^f^^-To 
HI 7 tc^-r J: ^ (c, i(7) 2 AMG a N.^4^##^--¥tci5V^T{i. -ocT^i^-Hf^it 
M^^^-r^rf 1 1 {± nMG a N® 2 ^S:aLT51^^?tiTV^;|,o n M G a NS 2 *3 
:bZ.<Dmi l(Dp^%Utn^^fS i O2 M<7)<fc 9 4'jf=fe^t8i4 2 J: <9ffli6iZi^*iTv>;|,o 
Cl<^^-^. ';-7vl2. 1 3<?)MRi, -r^r^-J^e-A(7)WI!g»±«?!)x.tf9 6 ^ mtcSJftLT 
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[0 0 7 1 ] 

nMG a NS 2 Hi3lt^?t 1 1 <7ymwii. -^<D U~'*fm^m<7)^±^m^A^^ < L. m 

tc{± 1 5 // mJiJlTl^StftL, *MK)lc{i 1 0 ~ 1 5 // mlcil{ftt;|>o tfz. ^--fmitM 
<?>WPiD{±BaJx.{±*2 0 mlcSf^tl^o 
[0 0 7 2 1 

nSG a 2 Id?! 1 1 ■e?!lx.{f. p ^iJ/^• 7 KM® 2 3 > 2 4 f "CfM t 

c7)?# 1 1 Orta^l^S i O2 Hoi 9 7^^iftfli4 2 ^ffi&^^tfo 
[0 0 7 31 

SG a 2 ^KiiL-C^fM^' tiTv^;^ i i: Id J: >9 , /N';V7..IBi!jJS^^ f 76-' 10-100 
0 k H z Ki3if^m%&^^ DX h -^^ }i{5{J0 %T'^ y). tfz. ^6^^ OX h-^ ii^2 

[0 0 7 4 1 

tfz. m 1 1 coP^Uiimi^f^2 2. 4 2KX y)^^Km^fiXy^^^f:z)sb. ^<r) 2 E'-AM 

^ roiM>&^^-r ^ *3 ^ tL5?>''^ o 

[0 0 7 5 1 

m^ii. ±^(Dm -mb<Dmmr^Wjzi^^^-^miffzmi^. m^. un. m 

Jtm. Un. yD-tr;^7^i:-^fflv^T4jcti/^o 
[0 0 7 6 1 

^Jx.ff, ±iEco^5<7>*Jfe?l^i^l'i3V^T. naGaN®2tr?ti l^fML 

4 2(7)'ft=b»)l::«?Ux.Jfy > K--/(7)#^b^hS i 1 G a N'Sr t'<^^^g^n:*t^l^^:a^s?)^^ 
-e^jiv^o t;"^. nSG a N® 2 1 1 ^ML. ^tL*ffi^tE4 2 Hi I9 Si^^tfO 
-e(±'t<. ?tl 1 Id^lS-r^gP^tcisttS nMG aN®2 H'en);tJfT;Vn*>'^i:'^SlRfi«) 

[0 0 7 7 1 

ifz. ±^<7)mi-m5<D^m^WJz^^^xi±. ^<DmM'tscKm^<^G an^^m^ 

V-'^K'v&mLtzm^i^-^^^xmmLtzijK ^(O^mitm^iUDH (Double He 
terostructure) #^<75 G a N^^^# 1^- +P'tdigffl LT J: ^ t fi ^ *, 

[0 0 7 8 1 
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7t -7 ;b f - 1£ - A M ^^-f*: — If ^ M <?5 ^mi^^ytm"}- * ^ vMi ^m^^ m ^ n^-r & 
[1112] z0)^m<Dm2<Dmm^mi^^^ 2 e-i^fiG aNm^##v--¥'^*i-if®iii 

[HIS] ^<D^m<om 5 (D^mj^MK X :b 2 ^-AMG aNm^^'(*:V--9-'<7)^'0^ 

[^g^-i-<7)iJi0^] 

1 • • • c ffi-+l--7r T^^. 2 • - - nMG a NS, 9 • • • pHA I G a Ni^ 9 K 
10---pMGaNn>:5'i5'he, 1 l - • - m> 12. 13. 25-28 ••• 
'J y ->% 1 4 • • • ^-fii, 16-19. 29. 30. 31. 34. 35. 36 - • - pfiO 
23. 24 .32. 37 - pffi^N*^;' F^®. 20. 21. 38-41- • -n 

mnm. 22. 42- • • mmm: 
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c72)#6Hj^ ft- 

m^g8D°DJIIE:JtD°DJI|6TB7#3 5^ y--«^^t±rt 

^««e5rpaja3Ta5 3»ifi©2 V--S5-b 5 =J>5^i' i?*|cS;^ttF«1 

F^r— A(##) 5F073 AA13 M4S AA61 AA74 AB05 BA07 CM7 CB05 DA05 (>M)7 
DA2S DA30 CA35 HA02 HMO 
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